The physicochemical properties and molecular structure of ginkgo and mung bean starch were investigated.
Introduction
The dough was put in a closed vessel with small holes of 1.2 mm diameter at the bottom. The pressure in the vessel was maintained at 0.25 MPa with compressed nitrogen. The dough passed through the holes was cooked in boiling water for 20 s. The obtained starch noodles were cooled in cold water for 1 h, drained and placed evenly on clean porcelain tray. After freezing, the starch noodles were dried in a BZG drum wind drying oven (Shanghai Boxun Industrial Co. Ltd., Shanghai, China) at 45℃ for 3 h and stored in plastic bags.
Quality evaluation of starch noodles
Cooking quality Starch noodle samples (5 g) were dried at 105℃ for 4 h to obtain dry samples (m 0 ). The dry noodles were boiled in 150 mL distilled water for 15 min and drained for 5 min to separate the water, then weighed (m 1 ) immediately. The cooked starch noodles were dried at 105℃ again to a constant weight (m 2 ).
Cooking loss and swelling index were expressed as:
Cooking loss (%) = m0 _ m2 m0 × 100
······Eq. 1
Swelling index (%) = m1 _ m2 m2 × 100
······Eq. 2
Broken rate Starch noodles (50 strands) were boiled in the 500 mL distilled water for 30 min, and drained. The total number X of cooked noodles was recorded. The broken rate (BR) of starch noodles was expressed by the following equation:
Textural properties Ten strands of starch noodles in the length of 6 cm were boiled in the 250 mL distilled water for 10 min, and then drained. Textural profile analysis was performed by TA.
XTplus texture analyzer (Stable Micro System Ltd., UK). A strand of cooked starch noodle was compressed by a cylinder probe (P/35, diameter 35 mm) until the deformation reached to 75% of the diameter of starch noodle (1.7 mm diameter). Pause time between the first and second compression was 3 s, the trigger force was 5 g, and the test speed was 1 mm/s. From the texture profile analysis, hardness, adhesiveness, springiness and cohesiveness were obtained. Seven measurements for each sample were determined with seven strands of starch noodles and the mean value was recorded.
Enzymatic digestion of ginkgo and mung bean starch noodles
Starch noodles samples (18 g) were soaked overnight in 250 mL distilled water at 35℃. The mixture was heated in boiling water bath for 1 h, then cooled to room temperature. The mixture was sheared at 9500 rpm for 2 min (Janke & Kunkel, Ika labortechnik)
to pass through a 40 mesh sieve. The suspension was transferred quantitatively and diluted to 500 mL with water. Nine thousand units of α-amylase dissolved in 500 mL 0.2 mol/L phosphate buffer (pH 6.0) was added, the sample was maintained at 35℃ in a water bath and gently shaken once a day for up to 120 h. Hydrolysate (0.1 mL) was taken every 12 h and diluted to 10 mL volume with distilled water. After centrifugation (5000 rpm, 15 min), the reducing sugar content of supernatant was determined by Somogyi Degree of hydrolysis (%) = Reduced subar provided by enzyme hydrolysis Reduced sugar produced by acid hydrolysis ×100 ······Eq. 4
The acid hydrolysis was carried out by treating starch noodle with HCl (1 g starch noodles mixed with 20 mL 1 mol/L HCl) at 100℃ for 2 h.
Similarly, the digestion was performed using β-amylase + pullulanase in 500 mL 0.01 mol/L acetate buffer (pH 5.3) at 35℃
for 60 h. At the end of the digestion, the mixture was independently centrifuged. The supernatant was discarded and the residues were rinsed with water 3 times and then dried in a DZG-6020D vacuum drying oven at 35℃. The dried samples were analyzed by the methods described in the following methods.
Analytical methods
Chemical composition of starch Starch, moisture, lipid, and protein contents were determined according to the AACC standard methods (76-13.01, 44-19.01, 58-15.01, 46-09.01, respectively; AACC International, 2010) . Amylose contents were determined using a colorimetric method (Miao et al., 2009 ). 
Molecular weight distribution

Differential scanning calorimetry (DSC)
The dried GBSN and MBSN were ground by JYL-D022 blender for 2 min to pass through a 100 mesh sieve. The ground sample (3.0 mg) was weighed into aluminum pans (Perkin Elmer Inc., CT, USA).
Distilled water (9.0 μL) was added to each pan and hermetically sealed. Sample was allowed to equilibrate at 4℃ for 24 h and at room temperature for 1 h prior to analysis, and then scanned at a heating rate of 10℃/min from 30 to 120℃. The DSC was calibrated using indium as a standard and an empty aluminum pan as the reference. The onset temperature (T o ), peak temperature (T p ), conclusion temperature (T c ) and enthalpy of gelatinization (ΔH)
were calculated automatically.
Scanning electron microscopy (SEM)
The dried GBSN and MBSN were cut transversely with a sharp blade. The starches, the surfaces and transverse sections of both starch noodles were sputtered with gold and analyzed using an S-4800 SEM (Hitachi Corporation, Tokyo, Japan) at an accelerating voltage of 1 kV.
Results and Discussion
Evaluation of starch
Chemical composition The chemical composition of starch, which was closely related to the qualities of starch noodles, was given in Table 1 . If the moisture content of starch was too high, the starch would not be preseved well that could be a problem in starch process (Wolfgang et al., 1999) .The moisture content of ginkgo and mung bean starch ranged between 8.30% and 10.10%, which was far below the maximum value of 20% generally acceptable for noodle production (Yousif et al., 2012) ,. The protein content was usually regarded as an indicator of purity for legume and cereal starches (Lii and Chen, 1981) , and the lipid content of GBS were greatly lower than that of MBS. Amylose could promote starch retrogradation and form helical complex with lipids to give strong gel networks, which make amylose become most important factor influencing starch gel strength (Tan et al., 2009) . It was found that the amylose content of GBS (33.90%) was close to that of MBS (34.10%). The chemical compositions obtained indicated that the GBS prepared in laboratory had a good purity compared to MBS and was suitable for noodle preparation.
Molecular weight distribution
The M w value could affect swelling, retrogradation and gel properties of starch. The starch with lower M w is more hydrophilic and more easily retrograded.
The M w and R z of GBS and MBS were summarized in Table 2 . The M w and R z of GBS were lower than those of MBS. This result might indicate that the molecules of GBS were smaller than those of MBS, or the proportion of small molecules in GBS was higher.
The dispersed molecular densities defined as ρ = M w /R z 3 (Liang et al., 2013) of GBS and MBS were also presented in Table 2 . The ρ value of GBS was higher than that of MBS, suggesting that GBS might have greater branched and denser structure than MBS (Yoo and Jane, 2002). The denser structure implied that the starch particles need more energy to be destroyed, thus it might be difficult to gelatinize GBS.
Starch granule morphology SEMs of GBS and MBS were
shown in Fig. 1 . The GBS granules were small (particle size, 5~18 μm), spherical or elliptic in shape with smooth surfaces.
However, the particle size of MBS was relatively larger, ranging from 15 to 25 μm. It was generally accepted that smaller granules were in favor of making higher quality starch noodles because of the better freeze thaw stability of starch and the better fluidity of starch dough Chen et al., 2003; Liu and Shen, 2007) .
Gelatinization properties The T o , T p , T c and ∆H values of GBS
and MBS were summarized in Table 3 . The DSC thermogram of GBS displayed a single peak at 73.12~77.93~84.97℃ (T o~Tp~Tc ) with ∆H 9.83 kJ/kg, which were consistent to the research of Miao et al. (2012) . MBS gave a single but broad peak with transition temperatures at 58.01~66.06~79.20℃ that were lower than those of GBS. One probable explanation was that GBS had a more perfect crystal structure than MBS (Ratnayake et al., 2001 ). This result was consistent with the analysis given by the molecular distribution analysis. However, the ∆H value of MBS was higher than that of GBS. Tester and Morrison (1990) postulated that ΔH reflects the overall crystallinity (quality and amount of crystallites) of amylopectin. The higher ΔH of MBS suggested that disruption of crystallinity of amylopectin during gelatinization was more pronounced than GBS.
General analysis of starch noodles
Quality evaluation Table 4 compared the cooking quality, broken rate and textural properties of the two starch noodles prepared in laboratory, and two commercial products. The cooking loss is an indication of the cooking qualities of noodles and regarded as a resistance of noodles to the disintegration upon prolonged boiling (Tan et al., 2009) . The Chinese Agriculture
Trade Standards set a cooking loss less than 10% during cooking as accepted value and the cooking loss of GBSN was only 4% in the present study. GBSN exhibited lower swelling index than MBSN and c-MBSN but higher than c-SPSN. It was suggested that the water-holding capacity of GBSN was lower than MBSN and c-MBSN but was comparable with commercial noodles. The most important weakness of GBSN was its broken rate which was much higher than that of MBSN or commercial products. According to Buddhagal and Noomhorm (2002) , good-quality the complex of amylose and lipid . The first peak melting temperatures of both starch noodles were lower than those of the original starch. The result of this phenomenon could be that the recombined molecules of gelatinized starch were not sufficiently stable and ordered as the original starch molecules, so the melting temperatures of the recombined starch were lower (Tan et al., 2006) . The thermal properties changing phenomenon of MBSN was similar to GBSN, as reported by Kim et al. (2007) .
The GBSN and MBSN residues digested with α-amylase displayed two peaks on DSC thermogram at 89.52~98.69~102.19℃
with ∆H 0.64 kJ/kg and 84.82~95.19~100.55℃ with ∆H 0.39 kJ/ kg, respectively. The GBSN residue resistant to β-amylase + pullulanase showed higher melting temperatures and higher ∆H than those of MBSN. It was probably attributed to the more compact molecular structure of GBSN residue than MBSN, which caused difficulty for enzymes to reach the inner structure of GBSN residue. The gelatinization temperatures and enthalpies of both starch noodles residues of β-amylase + pullulanase digestion were higher than those of residues resistant to α-amylase, suggesting that both starch noodles were more resistant to β-amylase + pullulanase.
This observation might be due to the fact that starch noodles digested by β-amylase + pullulanase could release more B-chains that functioned as the short amylose molecules and formed double helical complex crystal itself and helical complex with lipid (Chung et al., 2003) .
Conclusion
Ginkgo and mung bean starch contained similar amylose content, and the comparative results of physicochemical properties between both starches indicated that ginkgo starch might be a suitable material for producing starch noodles. Ginkgo starch had denser structure, smaller particle size and higher gelatinization temperatures than mung bean starch. The quality evaluation of starch noodles showed that ginkgo starch noodles had comparable quality with mung bean and commercial starch noodles concerning cooking loss, swelling index, springiness and cohesiveness, but has lower broken rate, hardness and adhesiveness quality, which should be improved. After enzymatic digestion of starch, ginkgo starch noodles displayed a little lower hydrolysis degree and larger fractions than mung bean starch noodles, indicating that ginkgo starch noodles were more resistant to enzyme actions. The thermal properties showed that both ginkgo and mung bean starch noodles were more resistant to β-amylase + pullulanase than α-amylase.
Enzymatic digestion analysis results suggested that two parts of starch in ginkgo and mung bean starch noodles were distinguished:
one part could be easily degraded by α-amylase or β-amylase + pullulanase, and the other would be more resistant to enzyme actions. The property of the second part of starch in ginkgo starch noodles might be more like "slowly digestible starch" which is considered as beneficial to human health.
